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ABSTRACT 
Climate change and land use pressures are making 
environmental monitoring increasingly important. As 
environmental health is degrading at an alarming rate, 
ecologists have tried to tackle the problem by monitoring 
the composition and condition of environment. However, 
traditional monitoring methods using experts are manual 
and expensive; to address this issue government 
organisations designed a simpler and faster surrogate-
based assessment technique for consultants, landholders 
and ordinary citizens. However, it remains complex, 
subjective and error prone. This makes collected data 
difficult to interpret and compare. In this paper we 
describe a work-in-progress mobile application designed 
to address these shortcomings through the use of 
augmented reality and multimedia smartphone 
technology. 
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INTRODUCTION 
The world is undergoing drastic changes due to increased 
population and rapid urban development (Lutz, et al., 
2008). This has led to several critical environmental issues 
such as global warming and species extinction. Remote 
sensing, wireless sensors and other novel methods (Mason, 
et al., 2008) have provided some scalable techniques for 
environmental monitoring. However in general 
monitoring is manual and must be undertaken by experts. 
For this reason government organisations have developed 
new lightweight assessment techniques designed for 
landholders and general citizen (Eyre, et al., 2011). These 
support the assessment of ecological ‘health’ via a number 
of simple surrogate-based measurements. 
Unfortunately these new assessment methods are still 
relatively complex for novice users, while they do not 
require detailed environmental or ecological expertise, 
such as the identification of species, the methods for 
collecting data are still involved. For example the 
assessment method used in Queensland – BioCondition – 
has a two-page survey form, however the learning process 
requires user to understand an 85 pages long manual 
before conducting the survey. Understanding and 
remembering the assessment process is difficult; this 
combined with subjectivity in how some measurements 
are taken leads to data which is difficult to interpret even 
if only relative change needs to be measured. We aim to 
address these shortcomings by introducing a smartphone 
application that utilises augmented reality, tracking 
technology and immersive multimedia experience. 
Mobile computing, particularly smartphones, can aid in-
the-field data collection. The ultimate smartphone 
application for environmental monitoring is a smart tool 
which can automatically undertake a survey by counting, 
measuring and identifying key features from on the ground 
images and videos. Unfortunately even simple tasks, such 
as differentiating different grasses, is remarkably difficult 
to automate. Instead we rely on humans to undertake the 
analysis but use smartphones to increase data reliability 
and make it less subjective than a purely manual approach. 
Augmented reality adds value to this approach by 
engaging users in an immersive experience and guiding 
users to conduct the assessment through projecting a clear 
visual indication of the tasks onto the “real-world”. 
AUGMENTED REALITY 
Augmented reality (AR) describes seamless integration of 
virtual objects with real environment in real-time whose 
elements should be registered in 3D (Azuma, 1997). This 
definition was introduced in 1997 by Ronald T. Azuma but 
is now indistinct due to increased interests in AR for 
general public (Zhou, et al., 2008). Users understand AR 
in a way that it provides a direct or indirect view of a 
physical real-world environment whose elements are 
augmented by computer-generated imagery. There are 
many technologies and approaches to realise compelling 
AR, including displays, tracking components, and 
interacting input devices. Different combination of the 
components can result in different user experience that 
may target specific user group. 
Output Devices 
Head-mounted Display 
This technique displays computer-generated images 
through transparent or video see-through output devices 
(Azuma, et al., 2001), such as glasses and windshield. The 
main advantage of using this technique is the immersive 
user experience, which information is consumed directly 
by the user without significant interference. 
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Handheld Display 
Handheld display is the most commonly used display for 
augmented reality. The device captures real-world using 
build-in camera and overlays virtual objects on the display. 
The significant advantage of using this technique is 
portability. 
Spatial Display 
This technique overlays graphical information directly 
onto physical objects using digital projectors. The benefit 
of this technique is that the display is separated from users 
but allowing collaboration through sharing of the same 
workspace. Furthermore, the display does not suffer from 
limited resolution, for example more projectors can be 
added to increase the amount of content to be displayed. 
Tracking Components 
One or many tracking components are used to obtain 
position and environmental information of the user relative 
to the real world, such as Global Positioning Unit (GPS), 
digital compass and gyroscope. Each of the components 
provides relatively different information but can be 
combined to retrieve highly accurate location information. 
Most of these components can be found in modern 
smartphones, thus making it the prospective platform for 
augmented reality. 
Input Devices 
Input method varies according to the chosen display 
technique; there are no standardised methods. In case of a 
handheld display, the device itself can be used as an input 
device. Spatial display technique usually employs motion 
detection and object recognition algorithms as a means of 
input. Head-mounted display gives more freedom in 
comparison, a notable research of this is Tinmith system 
which uses a specialised pinch glove to interact with 
virtual objects (Hoang & Thomas, 2008). 
Software 
Augmented reality is enabled by combining different 
hardware with specialised software. Primary focus of the 
software is to provide an abstraction to coordinate the 
hardware (for example sensors) and analyse or filter raw 
data. Design of the software largely depends on chosen 
display technique, for example spatial display relies 
heavily on object and motion detection. However in case 
of a mobile platform, the software should also be able to 
coordinate embedded sensors and display relevant content 
on screen.  
ENVIRONMENTAL MONITORING 
Vegetation monitoring generally consists of sampling and 
identifying all species in order to determine the condition 
or health of the environment. However a full scale survey 
is expensive and time-consuming to complete. As the 
world is facing critical environmental degradation, this 
technique is highly undesirable. Therefore a simple yet 
accurate approach is preferred as it facilitates the update of 
resource manager (Eyre, et al., 2011). Various states in 
Australia have developed condition assessment framework 
that utilises key attributes or surrogates of biodiversity that 
can be rapidly measured in field (Eyre, et al., 2011) such 
as BioCondition. 
BioCondition is a rapid vegetation assessment framework 
designed to capture the biodiversity of a terrestrial 
ecosystem (Eyre, et al., 2011). It is one of the number of 
related environmental assessment frameworks used in 
Australia and similar schemes exist in other countries. 
BioCondition is a site-based, quantitative and therefore 
repeatable assessment procedure that can be used in any 
vegetation state. BioCondition produces a numeric score 
that can be used as a condition rating, or functional to 
dysfunctional condition for biodiversity. The result is 
achieve by comparing the vegetation condition attributes 
of the site with a reference (or benchmark) site of the same 
type that represents best-on-offer condition. 
Primary users of BioCondition include ecologists, 
resource managers, landholders and general public. 
Traditional or full-scale survey method requires assessors 
to have extensive ecological knowledge mainly because 
such method involves full-scale species sampling and 
identification. These methods are costly, time-consuming 
and complicated. In comparison, BioCondition only 
requires assessors to have knowledge about assessment 
site selection and species differentiation. The procedure of 
BioCondition is relatively simple. It involves tasks such as 
counting number of large trees, measuring tree height and 
length of coarse woody debris. These tasks, though time-
consuming, can be performed by assessors with no prior 
knowledge or ecological background. 
The procedure to conduct a survey with BioCondition is 
divided into three stages – preparation, field assessment 
and score calculation. In this paper, we will specifically 
look at the second stage and how mobile augmented reality 
can assist users in conducting the survey. 
CASE STUDY - BIOCONDITION 
This study explores the scenario where general citizens 
without prior ecological knowledge wish to conduct a 
vegetation assessment for their own land. In this scenario 
we assume users do not have the required equipment and 
will solely conduct the survey with a smartphone. We will 
discuss the present issues and proposed solution using 
mobile computing and augmented reality. 
Understanding BioCondition 
For beginners without prior ecological knowledge, the first 
step is to understand the 85 pages assessment manual 
published by Queensland Department of Resource 
Management (DERM). Such requirement may be overly 
time-consuming and difficult for ordinary citizen. In order 
to simplify this process, a context-aware mobile 
application (BioCondition Assessment Tool – BAT) was 
developed to provide just-in-time learning for novice 
users. Instead of project-based approach where users have 
to complete an assessment from start to finish, we employ 
task-based approach that focuses on individual tasks. 
Preparation for the Assessment 
The preparation step requires user to search for vegetation 
mapping and benchmark data for same type of land, and 
aerial image of the area. However this is outside the scope 
of the mobile application, and would typically be done 
using GIS on a workstation, and perhaps site visits. 
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Figure 1. Layout of assessment site. 
Layout Assessment Site 
Upon arriving the assessment site, user is required to set 
up the site as shown on Figure 1. The first step is to find a 
“plot centre” for the target site and use transect tape to 
layout accordingly. We conducted a field-trip at Samford 
Conservation Park in Brisbane Queensland to measure the 
time needed to complete this step; it resulted in 30 to 60 
minutes depending on user’s expertise and land condition 
(e.g. fallen woods may increase the difficulty for on-site 
navigation). 
Manually marking out the assessment site presents two 
challenges. First the setup is time-consuming and secondly 
a dense forest may obstruct the view of transect tapes thus 
making it difficult for on-site navigation. To resolve such 
issues, a mapping system (e.g. Google Maps) with overlay 
of the assessment area (see Figure 2) can be used to 
simplify the process and eliminate the needs of transect 
tapes and laying out the site. 
Assessment and Data Collection 
Five site-based attributes are needed to be measured in the 
field – trees, plants, coarse woody debris, ground cover 
and canopy cover. Most of the tasks are repetitive and 
time-consuming but necessary to analyse resulting 
condition of the environment. For simplicity we will only 
look at some of the tasks that can be drastically improved 
by mobile computing and augmented reality. 
 Trees: In the 100x50 m area, users are required to (1) 
count number of large trees, (2) measure median canopy 
height in the ecologically dominant layer (EDL), (3) 
record tree species richness and (4) record evidence of 
recruitments.  
 Plants: In the 50x10 m area, count number of different 
species for shrub, forbs, grasses and non-native plants. 
 Coarse Woody Debris: In the 50x20 m area, measure the 
length of fallen logs or dead timbers on that ground that 
have more than 10 cm in diameter and 80% contact with 
the ground. 
 Ground Cover: Users are required to visually estimate 
(in percentage) the compositions of five 1x1 m quadrats 
along the transect line. 
 Canopy Cover: Length of all canopy covers along the 
100 m transect line are to be measured using line-
intercept method. 
 
Figure 2. Virtual assessment area and AR data annotation. 
The current pen-and-paper approach focuses on the result 
instead of the collection process. From the observation in 
the field-trip we conducted, assessors used tallying 
approach to record the data. This presents a significant 
problem to accuracy of the result because no visual record 
was kept during the process (accuracy largely depends on 
assessor’s judgement and domain knowledge). 
Furthermore, we also observed that when navigating 
around the assessment site, assessors often lost track of 
identified species and counted trees.  
To mitigate these issues, we enforced the rule of taking 
photo evidence for each recorded data. This facilitates the 
possibility of reassessing the result without revisiting the 
survey site. Besides that, we also use augmented reality to 
overlay information where appropriate, for example the 
application overlays a numeric value for each counted 
trees thus reducing the possibility of over-counting. This 
technique can be applied to all tasks. With this 
documenting approach we can increase the reliability of 
collected data, enabling spatial and temporal analysis and 
future peer-review of the assessment result which are not 
possible with the current pen-and-paper approach. 
Score Calculation 
BioCondition score is determined by adding values of the 
collected attributes and applying the formula specified in 
the assessment manual (Eyre, et al., 2011). Similar to 
preparation, the calculation of score is outside of the scope. 
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Figure 3. Partial assessment form showing tallies and result-
centric approach. 
PROTOTYPE AND EVALUATION 
We have built a prototype mobile BioCondition 
assessment tool (BAT) to test our ideas. The prototype 
runs on Microsoft Windows Phone mobile platform. We 
have undertaken an evaluation with undergraduate 
students to evaluate the effectiveness of the application. 
The experiment was conducted in an open forest in 
Samford Conversation Park located in Brisbane 
Queensland with 12 students. 
In the experiment students worked in pairs, with one 
student performing the task using pen and paper and the 
other student using the application. Each ground 
undertook a different task, including tree, plant, coarse 
woody debris, ground cover and canopy cover. Students 
were observed during the activity and completed a survey 
afterwards. Whilst the small number of students preclude 
presenting meaningful statistics, all students found the 
application easy to use and effective, all students 
concluded that they would choose to use BAT over manual 
approach next time when conduct a BioCondition survey. 
Data collection was found to be simpler, faster and more 
accurate using the tool’s guidance. The provision of a 
virtual transect and AR overlay of identified features was 
found to be particular useful. The simple and immediate 
availability of training materials (e.g. images and videos 
showing examples) was also considered useful. The only 
negative arising from using the tool were some 
unfamiliarity with the phone and application, and area 
where the GPS was obstructed due to dense canopy cover. 
CONCLUSION AND FUTURE WORK 
There are many avenues for further work. It is possible to 
advance further along the path of semi-automation. For 
example vegetation coverage maps and tree height 
calculations could potentially be automatically calculated 
from annotated photos or using augmented reality natural 
interface and sensors approach. Users could also benefit 
from training and guidance materials layered onto the real 
world thus creating a semi-gamification experience. 
Some vegetation assessment allow users to classify 
different species of plant. An online field guide and key-
based classification system would greatly aid this but is 
well beyond the scope of this project. 
More importantly, we plan to undertake larger trials of the 
system and with different cohorts of users to understand 
issues for different types of users. 
Finally using mobile phones in the field is not without 
problems. Sensors use consume much power and can 
quickly drain battery. Position fixes are sometimes 
blocked due to canopy cover. Screen glare is another issue 
which seems to vary between different phones and 
environments. 
This application utilises commodity smartphone hardware 
and employs augmented reality to take the collection of 
environmental data beyond result-centric form filling and 
photo taking. In particular, it guides users with correct 
methods for conducting the survey, and use augmented 
reality to reduce the possibility of overlapping data 
collection and improve users’ actions and decision-making 
process when collecting data in field. Consequently 
increasing the reliability of collected data and creating new 
possibilities for data analysis.  
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